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ABSTRACT
The quantum modeling interaction pro-
perties of fluorouracil radicals on the 
single walled carbon nanotubes surface 
is researched via MNDO/d calculations. 
We have studied the effect of diameter, 
length, position and rotational characte-
ristics of CNT on binding fluorouracil. 
Our results suggest that the binding ener-
gy is lower as the CNT diameter increa-
ses, while as the CNT length increases 
the binding energy initially increases and 
then slightly increases. 
Key words: anticancer, drug deli-
very, CNT, fluorouracil, semi-empiri-
cal, binding energy.
RESUMEN 
Las propiedades de interacción, según 
el modelo cuántico, de los radicales de 
flourouracil ubicados en la superficie 
de los nanotubos de carbono de pared 
simple se investigan a través de cálcu-
los MNDO/d. Hemos estudiado el efecto 
del diámetro, la longitud, la posición y 
las características rotacionales de CNT 
en la síntesis de fruorouracil. Nuestros 
resultados sugieren que la energía de sín-
tesis baja en la medida en que aumenta el 
diámetro, mientras que a medida que au-
menta la longitud, la energía de síntesis 
inicialmente disminuye y luego aumenta 
levemente.
Palabras clave: anticáncer, adminis-
tración de fármacos, fluorouracilo, se-
miempírico, energía de enlace.
RESUMO
As propriedades da interação, segundo o 
modelo quântico, do radicais de flourou-
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racil localizados na superfície de nanotu-
bos de carbono com paredes simples são 
pesquiçadas 
a traverso de cálculos MNDO/d. Estuda-
mos o efeito do diâmetro, comprimento, 
posição e características rotacionais do 
CNT na síntese de fruorouracil. Nos-
sos resultados sugerem que a energia 
de síntese baixa à medida que aumenta 
o diâmetro, enquanto que à medida que 
o comprimento aumenta, a energia de 
síntese inicialmente diminui e depois au-
menta um pouco.
Palavras-chave: adminsitração de 
drogas, anticancerigeno, fluorouracil, 
semiempírico, energia de ligação
INTRODUCTION
The development of some nanomate-
rials has had a promising effect on the 
treatment of several cancers. They have 
been used as delivery for drugs. Clini-
cal research has approved the use of a 
number of conjugated materials, such 
as nanoparticles, liposomes, and poly-
mers. The requirements for new drug 
delivery systems, improving the phar-
macological profiles while decreasing 
the toxicological effects of the delivered 
drugs, have also envisaged carbon nano-
tubes (CNT) as one of the potential ca-
rriers for the cancer therapy. The phy-
sicochemical properties and behavior of 
nanomaterial, which were discovered 
by Iijima (1), have been given a new 
field in science. The quantum nature 
comes back due to their atomic and mo-
lecular sizes. How can the experiments 
approach to the atomic dimensions to do 
nanomeasurements? Carbon nanotubes 
are huge cylindrical molecules consis-
ting of a hexagonal arrangement of sp2 
hybridized carbon atoms. CNT can be 
synthesized by the techniques of elec-
tric arc discharge, laser ablation and ca-
talytic decomposition of hydrocarbons 
[2-8]. Several applications are drug de-
livery, biosensing, antigen recognition 
and DNA hybridization, due to their 
unique properties. The penetration abi-
lity of CNT into cells offers the poten-
tial of using CNT as vehicles for the de-
livery of drug and antibiotic molecules 
without toxic effects [9-20]. Bianco et 
al. (2003) developed a new strategy for 
the multiple functionalization of CNT 
with amphotericin B (AmB) and fluo-
rescein, where the CNT has the ability 
to form electrostatic interactions with 
nucleic acid as a complex [21]. This 
CNT-DNA complex acts as a non-viral 
vector to deliver plasmid DNA into the 
cell [22]. On the other side, Azamian 
et al (2002) used a simple non-cova-
lent route to attach reactive molecules 
to sidewalls of CNT[23]. This work is 
of interest to the development of bio-
sensors based on nanotubes. Wong et 
al (1998). Have shown that CNTs are 
ideal probe tips for AFM due to their 
small diameter [24]. The CNTs will 
present potential technological advances 
in bioengineering [25]. Up to now, the-
re have been a lot of researches on the 
functionalization of CNTs with various 
molecules [20, 26-27]. 
In this work, we introduce a model 
for making CNT a delivery means of 
fluorouracil (anticancer drug) by exami-
ning the interaction of the fluorouracil 
radicals on the surface of single-walled 
carbon nanotubes SWCNT, which are 
defined as bond-alternation patterns of 
an armchair [28]. Then we examine this 
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interaction as a function of CNT length 
and diameter. Also we investigate the 
effect of changing the position of the 
fluorouracil-CNT bond on the interac-
tion energy. Lastly, we examine the 
effect of fluorouracil radical rotation 
about bond, which it makes on the CNT 
surface as a function of the interaction 
energy.
COMPUTATIONAL DETAILS
The theoretical calculations of molecu-
lar quantum mechanics can be used to 
research properties beyond the scope of 
current crystallographic methods and 
to bridge gaps in understanding experi-
mental results. In many cases the results 
of the experimental methods are unable 
to accurately describe small complex 
systems or they can be used in further 
research and to predict the physical na-
ture of hydrogen bonding interactions. 
Molecular quantum mechanics provides 
the interaction energies that are not pro-
vided by x-ray or NMR experiments. 
To research the structural and electro-
nic properties of CNTs decorated with 
the fluorouracil radicals, we used the 
MNDO/d method. MNDO/d is a ver-
sion of MNDO with d-orbital capabili-
ty. Parameters for several new elements 
are included in the implementation of 
the MNDO/d method [29, 30]. MIN-
DO/3 stands for Modified Intermediate 
Neglect of Differential Overlap, ver-
sion 3; it is a modification of the INDO 
method. The method was proposed and 
developed by Dewar and coworkers 
[31-34]. Using the same nomenclatu-
re as for the INDO UHF Fock matrix 
approximation. All non-zero integrals 
over atomic orbitals on the two cen-
ters are set equal, as in CNDO/INDO. 
The two-center coulomb integrals were 
calculated from first principles using s 
orbitals as in CNDO/INDO [35]. The 
two-center one-electron integral, some-
times called the resonance integral, is 
approximated in MINDO/3 by using the 
overlap integral. The one-center two-
electron integrals used in MINDO/3 are 
derived from an analysis of atomic spec-
tra [35]. The problem in quantum com-
putational that arises is how to perform 
an accurate calculation for a nano-sized 
system without ending in a prohibitly 
large computation. The dangling bonds 
at the ends of the tubes were saturated 
by hydrogen atoms. The resolution of 
MNDO/d, as implemented in the Hy-
perChemTM Release 7.52 for Windows 
Molecular Modeling System program 
package [36], was employed for the 
geometry optimizations with UHF, SCF 
controls (convergence limit 0.01, ltera-
tion limit 50), algorithm Polak-Ribiere 
(conjugate gradient), and RMS gradient 
of 0.1 kcal/(Ao mol), the molecular 
systems which have been considered in 
the present work. Scheme 1 shows the 
optimized structure of the fluorouracil 
radicals; scheme 2 shows the optimized 
structure of the fluorouracil radicals 
with CNT for different diameters of the 
CNT using MNDO/d method, while 
scheme 3 shows the optimized structu-
re of fluorouracil radicals with CNT for 
different lengths of the CNT. Scheme 4 
shows the fluorouracil-CNT bond posi-
tion on the cylindrical surface of CNT, 
where this position changes from the 
middle of the CNT towards one of their 
two ends. 
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Scheme 2. Shows the optimized structures of the fluorouracil radicals with CNT for different diameters of 
the CNT using the MNDO/d method.
Scheme 1. Shows the optimized structure of the fluorouracil radical using the MNDO/d method.
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Scheme 3. Shows the optimized structure of the fluorouracil radical with CNT for different lengths of CNT 
using the MNDO/d method.
Scheme 4. Shows the fluorouracil-CNT bond position on the cylindrical surface of CNT, in which this 
position changes from the middle of the CNT towards one of their two ends.
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RESULTS AND DISCUSSION
In our research, it was important to de-
termine the most stable form of the fluo-
rouracil radical as a complex with CNT. 
We calculated the interaction, binding 
energy BE of the fluorouracil radical 
with CNT, BE = Efluorouracil+CNT – (Efluo-
rouracil +ECNT); where Efluorouracil+CNT is the 
energy of the complex of fluorouracil 
and CNT. The first important factor is 
the interaction of fluorouracil with CNT 
as a function of the CNT diameter. The 
effect of increases in the CNT diame-
ter on the BE of the fluorouracil radicals 
with CNT (for constant length equal to 
7.35Ao) are shown in Fig. 1. Note that 
in each issue the fluorouracil-CNT bond 
got fixed in the middle of the CNT sur-
face. An increase in diameter of CNT 
leads to a decrease in the binding energy 
of the fluorouracil radicals with CNT. 
This case shows the mechanism of lower 
(or higher) binding between the fluo-
rouracil with CNT as the CNT diame-
ter increases. From Fig. 1 we note that 
the energy may be required to finish the 
binding energy between the fluorouracil 
radicals with CNT, 2.67~41.98 Kcal/
mol, in visible regions of the spectrum. 
In other words, sunlight may be able to 
split the drug from the delivery. So, the 
CNT with narrow diameter must be cho-
sen. We may be able to deduce the bin-
ding energy between the fluorouracil and 
the CNT diameter according to the for-
mula lnn dBE=  where d is the CNT 
diameter. In the fluorouracil binding, a 
single covalent fluorouracil-CNT bond 
is formed with CNT. The fluorouracil-
CNT bond becomes longer as the diame-
ter of the CNT increases (Fig. 2). The 
increases of the CNT diameter showed 
exponential increase in the bond length 
and decrease in the binding energy (Fig. 
1). This suggests there is a relationship 
between the bond length increase and the 
decrease in the binding. The second im-
portant factor is the interaction of fluo-
rouracil with different lengths of CNT 
(for constant diameter equal to 5.45Ao). 
The CNT length during their synthesis 
is a very important property. The bin-
ding energy of the fluorouracil radicals 
with CNT depends on the length of CNT 
(Fig. 3). As the length of the CNTs in-
crease, the binding energy between the 
fluorouracil radicals and CNT also in-
creases. Note that in each case we put 
the fluorouracil-CNT bond in the middle 
of the CNT. Beyond a few Angstroms 
of length, ~8Ao, the binding energy in-
creased less than the initial state. Thus 
we conclude that the binding between 
fluorouracil and CNT depends on the 
diameters of CNT more than on their 
lengths. The fluorouracil-CNT bond 
length as a function of CNT length is 
shown in Fig. 4. Initially, there are re-
paid decreases for a few Angstroms of 
CNT length, and then its decrease be-
comes linear as the CNT length increa-
ses. However, the fluorouracil-CNT 
bond increases as the length of CNT 
increases. This interaction behavior of 
the fluorouracil radical with CNT was 
opposite to the interaction of the glyci-
ne radical with CNT [32]. The relati-
ve stability of the fluorouracil radicals 
with CNT decreases as a function of the 
fluorouracil-CNT bond, which positions 
on the cylindrical surface of CNT, as 
this position changes from the middle of 
the CNT towards one of their two ends 
(Fig. 5). The complexes formed by the 
fluorouracil radical and the single-tube 
wall are more stable when the reaction 
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occurs in the middle of the CNT. This 
behavior may be similar to the state of 
stability of the glycine, when its reac-
tion happened in the middle of the CNT 
surface, too [37]. Beyond short distance 
from the middle of the CNT surface, the 
decreases in binding energy start lowe-
ring. The change in binding energy of 
the fluorouracil-CNT bond positions on 
the cylindrical surface of CNT, as this 
position changes from the middle of the 
CNT towards one of their two ends, in 
range 1.34~5.06 Kcal/mol which got 
located in the initial region of the visible 
spectrum. Fig. 6 shows the direction of 
the rotation process of the fluorouracil 
radical about the fluorouracil-CNT bond 
on the surface of CNT (for constant dis-
tance equal to 5.71Ao and length equal to 
9.82Ao). Fig.7 shows the relative stabili-
ty as a function of rotation of the fluorou-
racil radical about the fluorouracil-CNT 
bond. Optimized case is considered at 0o 
angle, and then we rotated the fluorou-
racil from angle 0o to 360o. The relative 
stability decreases until 120o, and then it 
increases until 200o; then it drops again. 
Fig. 7 shows frequent behavior with the 
rotation angle; it also shows two poten-
tial walls, but with different depths. The 
nearest distance for the fluorouracil radi-
cal from the surface of CNT occurs at a 
rotation angle equal to 200o, which may 
decrease the related stability. There is 
another minimum at rotation angle equal 
to 280o. The energy that is required 
for these rotations is still in the visible 
spectrum energy. However, the thermal 
energy is not enough to do this rotation 
about the bond. 
Figure 1. The binding energy between the fluorou-
racil radicals with CNT as a function of the CNT 
diameter using the MNDO/d method.
0
-5
-10
-15
-20
-25
-30
-35
-40
-45
3 4 5
CNT Diameter (A)
6
B
in
di
ng
 e
ne
rg
y 
(K
ca
l/m
ol
)
7 8 9
1,59
1,58
1,57
1,56
1,55
3 4 5
CNT Diameter (A)
6
Fl
uo
ro
ur
ac
il-
C
N
T 
bo
nd
 (A
)
7 8 9
Figure 2. Length of fluorouracil-CNT bond as 
a function of CNT diameter using the MNDO/d 
method.
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Figure 5. The relative stability of the fluorouracil 
radicals with CNT as a function of the position of 
the single covalent fluorouracil-CNT bond that was 
formed from the middle of the CNT towards one of 
their two ends using the MNDO/d method.
Figure 7. The relative stability as a function of rotation of the fluorouracil radical about the fluorouracil-
CNT bond using the MNDO/d method.
Figure 6. The rotation process of the fluorouracil 
radical about the fluorouracil-CNT bond. 
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Figure 3. The binding energy of the fluorouracil 
radicals with the CNT as a function of CNT length 
using the MNDO/d method.
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Figure 4. Length of fluorouracil-CNT bond as 
a function of CNT length using the MNDO/d 
method.
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CONCLUSIONS 
We have performed MNDO/d calcula-
tions on the structural properties of CNT 
upon adsorption of fluorouracil radicals. 
The results of the diameter and length of 
the CNT on the binding energies with 
fluorouracil shows a decrease as the 
CNT diameter increases, while the bin-
ding energies increase with CNT length 
increase. The fluorouracil radicals are 
shown to prefer to bond in sit that at the 
middle of the CNT cylindrical surface. 
The stereo geometry (curvature of CNT 
surface) between the fluorouracil radicals 
and CNT may limit the binding energies 
behavior. The rotation of fluorouracil 
about the fluorouracil-CNT bond did not 
show a new optimized point. The nature 
of the fluorouracil-CNT bond will in-
fluence with some energy of the visible 
spectrum region. At least, the effect of 
temperature increasing will not cause the 
break in the bond that connect the fluo-
rouracil with the CNT.
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